and Thompson et a1.(1997) . Upper limits have been calculated for selected samples of radio pulsars (Thompson et al. 1994; Fierro et al. 1995; Carramifiana et al. 1995 , Schroeder et al. 1995 and for all cataloged pulsars (Nel et al. 1996) .
The present work is a detailed analysis of the gamma-ray observations of PSR B1055-52, based on repeated observations during 1991-1998 which have nearly tripled the source exposure time compared to the discovery data (Fierro et al. 1993 ). The gamma-ray observations of this and other pulsars are shown in a multiwavelength context. Comparison of the multiwavelength properties of pulsars is important in attempting to construct models for these objects.
Using ROSAT, ()gelman and Finley (1993) found pulsed X-rays from PSR B1055-52, with a pulse that changed both shape and phase at photon energy about 0.5 keV. The X-ray energy spectrum requires at least two components, one thought to be emission from the hot neutron star surface and the other likely to be from the pulsar magnetosphere (see also Greiveldinger et al. 1996, and Wang et al. 1998) . Mignani, Caraveo, and Bignami (1997) have found evidence based on positional coincidence for an optical counterpart of PSR B1055-52 using the Hubble Space Telescope Faint Object Camera.
In the absence of a fast photometer on HST and the presence of a nearby bright star, finding optical pulsations will be difficult, as noted by the authors.
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Radio Observations
The basic pulsar parameters (Taylor, Manchester, & Lyne 1993) , derived from radio observations, are shown in Table 1 .
EDITOR: PLACE  TABLE  1 HERE. PSR B1055-52 was on the list of nearly 300 pulsars monitored regularly by radio astronomers to assist gamma-ray telescopes on the Compton Observatory (Kaspi, 1994; Arzoumanian, et al. 1994; Johnston et al. 1995; D'Amico et al. 1996 Timing analysisof the COMPTEL data producedno statistically-significant detection of pulsedemissionin any of the bands 0.75-1, 1-3, 3 10, or 10 30 MeV. Each of the bands and the summedCOMPTEL light curvedo, however,showa low-significancepeakat phase _0.73 consistentin phasewith the narrowerof the two EGRET peaks. Taking the EGRET pulse as a referenceto define a preferredphase,the statistical significanceof the peak in the summedCOMPTEL light curve for a singletrial is 3.5 _r,with a probability of chance occurrencelessthan 0.001. Although the EGRET statistics do not warrant a detailed spectral analysisfor the two pulsesseparately,it is noted that the narrow pulse doesnot appear above2 GeV while the broad pulse extendsto more than 4 GeV, suggestingthat the narrow pulse may have a softer spectrum than the broad pulse, consistentwith the peak seenby COMPTEL and the peak seenin hard X-rays. The COMPTEL light curve is shown in Fig. 2 , along with light curvesfrom other wavelengths.The vertical dashedline marks the referenceradio peak, definingphase0 in Fig. 1 .
Timing analysisof the OSSE data produced no evidenceof pulsed emission, even taking into accountthe constraintsof assumingthe samelight curve shapeat seenat the higher energies.The 95% confidenceupper limit in the energyrange 50-200 keV is 2.1 x 10.4 ph cm-2 s-lMeV -1. The OSSElight curve is alsoshown in Fig. 2 .
Search for Unpulsed Emission and Source Variability
In the region of sky mappedby EGRET around the pulsar, eachphoton's arrival time is convertedto pulsar phase,whether or not this photon is likely to havecomefrom the pulsar itself. Phase-resolved mapsof the sky are then constructed,the spatial analysisusing maximum likelihood (Mattox et al. 1996 ) is used to assessthe statistical significanceof a sourceat the pulsar location. The likelihood ratio test is usedto determinethe significance of point sources.The likelihood ratio test statistic is TS -2(InL1 -lnLo), where lnL1
is the log of the likelihood of the data if a point source is included in the model, and lnLo is log of the likelihood of the data without a point source.
For positive values of TS, the analysis gives the most likely gamma-ray flux of a source at the pulsar location. The pulsar is detected with high significance between phases 0.7 and 1.1. Based on the summed map for all observations, the time-averaged flux above 100 MeV for this phase range is (2.5 + 0.2) x 10 -r ph cm -2 s -1, and the statistical significance of the detection is 13.6a.
The flux is consistent with the value of (2.2 -1-0.4) x 10 -r in the second EGRET catalog (Thompson et al. 1995) . Analysis of the off-pulse phase range 0.1 to 0.7 yields an excess with a statistical significance of 1.9 a, too small to claim a detection. The upper limit (95% confidence) is 1.2 x 10 -r ph cm -2 s -1. Above 100 MeV, any unpulsed component is therefore less than 50% of the pulsed emission.
In a search for time variability, we examined the E>100 MeV observations of the PSR B1055-52 flux as a function of time, from 1991 -1997, for those 10 observations when the pulsar was within 20°of the EGRET axis, based on the maps of phase range 0.7 to 1.1.
As seen for the Crab, Geminga, and Vela pulsars (Ramanamurthy et al. 1995b ) and PSR B1706-44 (Thompson et al. 1996 , the high-energy gamma radiation from PSR B1055-52 appears to be steady. The X_ 2 is 13.9 for 13 degrees of freedom.
Energy Spectrum
Because there is no substantial evidence for unpulsed emission MeV to more than 4 GeV. The EGRET spectrum, shown in Fig. 3 as a phase-averaged photon number spectrum, can be represented by a power law
The reduced X 2 for this fit is with one magnetic pole of the neutron star (e.g. Manchester1996).
Comparisonwith the pulsar light curvesat lower frequencies, Fig. 2, showsthat the emissionis quite complicated. The broad hard-X-ray pulse coincidesapproximately in phasebut not in shapewith the high-energygamma-raylight curve, and neither of theselight curvesresemblesthat seenin soft X-rays or radio. One componentof the soft X-ray pulse is aligned with one of the radio pulses,but it hasbeen arguedbasedon radio polarization studiesthat the other radio pulseis the onethat definesthe closestapproachto the magnetic pole (Lyne and Manchester1988). With pulsedemissionat somewavelength seenduring more than half the rotation of the neutron star, it would seemdifficult to have all these componentsoriginating in oneregion of the magnetosphere. Romero (1998) discusses current models in light of the PSR B1055-52 observations.
DISTANCE
Becauseall thesemodelscan be viewedas having a hollow surfacegeometry,a double pulse has a straightforward explanation. The observer'sline of sight cuts acrossthe edge of the coneat two places. Although the specificdetails dependon the sizeof the beam and its relationship to the rotation axis and the observer'sline of sight, in the caseof PSR B1055-52, onepossibility is that the line of sight is closerto the edgeof the conethan for the pulsarswith two widely-spacedlight curve peaks. The fact that the peaksare broader for PSR B1055-52 is alsoconsistentwith this geometricpicture, becausethe line of sight crossesthe coneat a shallowerangle.
In the polar cap models,a sharp turnover is expectedin the few to 10 GeV energy range due to attenuation of the gamma ray flux in the magnetic field (Daugherty and
Harding 1994). The outer gap model predicts a more gradual turn-over in the sameenergy range (Romani 1996).The presentobservationsdo not conflict with either model.
PSR B1055-52 in Comparison to Other Gamma-Ray Pulsars
In addition to the Compton Observatory,other space-and ground-basedobservatories haveprovided a wide rangeof results on pulsars. Multiwavelength energy spectra provide one usefulway of comparing different pulsars acrossthe electromagneticspectrum. In particular, such spectra can addresssuch questionsas the number of different emission componentsrequired. Fig. 4 given in Table 3 . An earlier version of this figure was given by Thompson (1996) . PLACE  TABLE  3 HERE. These multiwavelength spectra have some common features:
EDITOR:
1. The radio emission appears to be distinct from the higher-energy emission.
In most cases, the radio spectra show decreasing power at higher frequencies.
The high-energy radiation power rises from the optical to the X-ray band. It has long been thought that the radio is a coherent process, while the high-energy radiation results from incoherent physical processes.
2. In all cases, the maximum observed energy output is in the gamma ray band. 
High-Energy Luminosity
Except for the thermal peak seen in three of the pulsars of Fig. 4 , the optical through gamma-ray spectra are fairly continuous, suggesting an origin in a single population of accelerated particles, though perhaps with two or more emission mechanisms. The broad-band spectra can be used to derive a high-energy luminosity, LHE, for these pulsars, including all the observed radiation.
Integrating the observed spectra to derive the energy flux FE is a first step, although some assumptions must be made for bands where the pulsars are not seen. In most cases, the luminosity is dominated by the energy range around the peak in the I/F_ spectrum, as noted for PSR B1055-52 (so that the thermal peaks seen for Vela, Geminga, and PSR B1055-52 make no significant contribution). Only in the case of the Crab is it necessary to include all the radiation from optical to high-energy gamma rays in order to estimate the luminosity.
In the cases of PSR B1509-58 and PSR B1951+32, the shape of the spectrum above the peak is unknown. We have assumed a spectral slope change of As = 1.5, a value between the sharp turnover seen for Vela and Geminga and the shallower slope change for PSR B1055-52 and PSR B1706-44. Although not a perfect fit, this relationship is a reasonable approximation extending for more than two orders of magnitude. This proportionality would be expected if either (1) all pulsars accelerate particles to the same energy but the particle current differs from pulsar to pulsar or (2) the particle flow is constant, with different pulsars accelerating particles to different energies (Thompson et al. 1997) .
As noted by Arons (1996) , this simple trend cannot extend to much lower values of V or I_, because more than 100% efficiency for conversion of spin-down luminosity would be implied. Nevertheless, Fig. 5 shows a useful parameterization of high-energy pulsar properties with straightforward (though not unique) physical interpretations.
As noted by Goldoni and Musso (1996) , other simple parameters are not well correlated with the observed properties of these pulsars. The figure is similar to a pattern seen in 0.1 -2.4 keV X-rays by Becker and Tr/imper (1997) . The slope of the line in Fig. 5 Table 3 . Goldreich-Julian Current (particle/s) ii
